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Introduction
Modern societies remain vulnerable to disasters such as earthquakes, hurricanes, and tsunamis. Such low-probability high-impact events are associated with substantial losses in human welfare. The magnitude of human welfare losses can be mitigated significantly by investments into emergency preparedness, however (Kahn 2005) . In fact, even moderate levels of preparedness in the form of emergency supplies can have substantial impacts on morbidity and mortality during catastrophic events (Conolly et al. 2004; Tanaka et al. 1999) . As a result, many countries attempt to attain high levels of domestic preparedness by combining initiatives to encourage individual preparedness at the household level with a variety of governmental and non-governmental efforts to provide emergency relief when natural disasters occur.
The present paper contributes to a growing empirical literature that analyzes the relationship between public and individual disaster preparedness, much of it motivated by the common observation that the average household is insufficiently prepared (e.g. DIEM 2010). Understanding more about this relationship is important for both researchers and policy-makers: If publicly-provided emergency relief negatively affects households' choice of preparedness, this would provide additional empirical support for the 'crowding-out' effect of public interventions postulated in the seminal paper by Ehrlich and Becker (1972) . If present, crowding-out can have significant impact on the effectiveness of public preparedness efforts since public investments have no or only fractional impact on the overall level of preparedness.
The presence and scale of a crowding out effect has been the subject of several empirical studies that draw on evidence from a variety of natural disasters. Various studies find evidence in line with crowding-out (e.g. Kunreuther 2006 , Botzen et al. 2009 , Brunette et al. 2013 ) and highlight the possible causal channels through which crowding out can operate. One channel is the simple mechanism of risk compensation (Ehrlich and Becker 1972) : Fully informed and perfectly rational households may want to avoid excessive preparedness in a setting where public measures reduce expected damages from a catastrophic event (Botzen et al. 2009 ). Such risk compensation can be, but need not be welfare-reducing. If preparedness can be provided more cheaply by government, then private investments should be reduced in response to public investments under social efficiency considerations.
Less ambiguous in welfare terms is the channel of 'charity hazard' (Browne and Hoyt 2000) : This concept, closely related to moral hazard, refers to the strategic reduction of damage-limiting prevention by households when governments already offer an efficient level of preparedness. Charity hazard captures the decision by private households to reduce preparedness below the efficient level because they know that government cannot credibly commit to not providing additional damage-relief in the event of a catastrophe.
Such strategic behavior is welfare-distorting and means, as Buchanan (1975) pointed out, that governments face a 'Samaritan's dilemma' in emergency relief (Raschky and Schwindt 2016) .
A third channel is perception bias: Private households may overestimate the effectiveness of public interventions in providing disaster relief and, as a consequence, lead households to underestimate the damages from potential disasters and to under-invest in market-based insurance and self-protection (Kunreuther, 1996) . The three channels do not appear to be always operative at detectable magnitudes, however: Despite similar settings, other studies fail to identify crowding out in their data , Koerth et al. 2013 or find that there is considerable heterogeneity across subjects (Osberghaus 2015) . This points to important subtleties in the mechanisms and diagnostics of crowding out.
Against the existing evidence on crowding out, the present paper examines a particular disaster preparedness setting, namely private and public investments in emergency drinking water (EDW) supply in Japan for the year 2012. The amount of EDW stored publicly and privately is a valuable measure for disaster preparedness since its availability has a dramatic impact on mortality and morbidity rates following a catastrophic event (Watson et al. 2007) . 1 This choice of a setting enables the paper to make at least two contributions. The first is that it provides an opportunity to examine in-kind relief, as opposed to cash relief, as the publicly provided insurance good. In many circumstances, governments provide in-kind relief, such as emergency shelter, food, and drinking water, for populations afflicted by natural catastrophes.
Almost all the evidence on crowding-out, however, comes from settings in which government offers cash relief (Raschky and Schwindt 2016) . The form of relief may not be inconsequential in terms of crowding effects, in particular when markets are incomplete, 2 .but also for behavioral reasons. The extent to which results from cash relief carry over to in-kind relief is an open question. The second contribution of the paper is that its results on crowding are largely immune to a key challenge raised by Ehrlich and Becker in their seminal 1972 paper: In equilibrium, they argue, there should be no arbitrage left between publicly provided risk reduction on the one hand and across the three options of market insurance, self-insurance, 1 In developed countries, the contribution of EDW to morbidity and mortality reduction mainly relates to water safety rather than water availability. In a post-disaster environment, disruption of access to uncontaminated drinking water ranks as a primary concern since populations quickly become vulnerable to water-borne diseases. 2 When capital markets are incomplete and households are liquidity constrained, cash relief could arguable induce crowding effects simply by allowing households to monetize illiquid assets. and self-protection on the other. Ideally, therefore, the researcher would be able to observe choices across all three options in order to evaluate the efficiency and welfare effects of these choices before and after the exogenous change in publicly provided risk reduction. In practice, however, the researcher will typically observe only a subset of these choices, for example the change in households' demand for market insurance (e.g. Raschky et al. 2013 ). While such data can inform statements on the partial impact of increased public intervention on market insurance, a total assessment of whether crowding out has occurred requires a comprehensive picture of the household's response to increased public intervention also across self-insurance and self-protection. The finding by Osberghaus (2015) that the overall vulnerability of households to flooding events is the result of a complex interplay between public flood protection, the private demand for flooding insurance, and private flood mitigation measures is a case in point. The present setting allows the total effect to be estimated with considerable confidence because two out of the three alternative options mentioned by Ehrlich and Becker are not available in the case of EDW: Investment in EDW has no close substitutes and can privately only be provided on a cost-effective basis through self-insurance 3 and not through market insurance or self-protection. 4 In a setting with such a restriction of options, the response of private EDW storage to an increase in public EDW supply can therefore confidently be expected to provide a close approximation to the total impact. Also, since public and private EDWS provide a perfect substitute, namely drinking water, the setting allows crowding effects to be assessed on a liter-for-liter basis, making the effects stark.
To test for the presence and scale of crowding out of private emergency preparedness by public preparedness measures, we use unique household survey data from 19,071 households in Japan in 2012.
The location, timing, and focus of the survey are significant: Japan is a country with areas that are exposed to a high risk of natural disasters and a recent history thereof. The population is deeply aware of the presence of natural hazards and public measures intended to manage the resultant vulnerabilities. Japan is also a country in which the private cost of specific preparedness by ensuring adequate EDW storage is high. Internationally exceptional residential dwelling density (Keirstead and Shah 2012) and resultant housing costs (Kanemoto 1997) lead to a high opportunity cost of sacrificing residential space for emergency water storage, which amounts to around 24 liters for a typical family of four.
The timing of the survey is also significant: In 2012, the central coastal regions of Japan's main island constituted a typical post-disaster environment in the wake of the 2011 Tohoku Earthquake, the subsequent tsunami event, and the nuclear accident at Fukushima Daiichi. As a result, the topic of the survey had cognitive salience and the survey population was generally well informed about disaster relief, public preparedness etc. The key source of variation in our dataset comes from the different levels of local public preparedness in the form of investments into public EDW storage. While there are national recommendations on how much EDW a community should store, communities vary considerably in their preparedness. Across Japan's 47 prefectures, public EDW ranges from 01l per person to more than 65l.
A natural concern is the direction of causality that links public and private preparedness in EDW storage. Prima facie, variations in public preparedness could conceivably be driven by officials being informed about private preparedness and adjusting preparedness appropriately, rather than the other way around. While this possibility can no longer be excluded after 2014, when the first systematic assessment of private preparedness at the local level was conducted, at the time of our own survey such information is not considered to have been generally available. This makes reverse causality less likely for Japan in 2012.
Against this empirical background, we examine the presence of a negative statistical relationship between public and private EDW storage through multivariate regression analysis, using control variables to account for well-known determinants of self-insurance such as risk exposure, disaster experience, and other socio-demographic characteristics. The headline results confirm the presence of statistically significant, but unsubstantial crowding-out effects of governmental intervention on private households' disaster preparedness. At the extensive margin, there is not effect of additional EDW storage by government on the propensity that the average household will decide not to store any EDW. At the intensive margin, we find that among those households that store a positive amount of EDW, but less than the officially recommended amount, every additional liter per capita (lpc) of public EDW supply reduces private EDW storage by around 0.02lpc. The effect is highly robust to the inclusion of controls, estimation methods, and thresholds. It implies a crowding-out of approximately 2 percent. An examination of the covariates shows that the extensive and intensive margin decisions broadly respond to the same factors. But there are also some important differences. For example, households' EDW provision is highly insensitive to the number of dependent members (children and elderlies in need of medical support). In other words, the private storage of EDW of households with and without dependent members is essentially the same. This points to the potential gains from EDW relief targeted at households with dependents.
In the following Section 2, we provide an overview of the existing literature. In Sections 3 and 4, we describe our data and estimation method. In Section 5, we present and interpret our estimation results, and in Section 6, we provide concluding remarks.
Related Literature
The theoretical study of a crowding out effect of public insurance on self-insurance goes back to at least the early seventies when Isaac Ehrlich and Gary Becker published their seminal study on the interaction between market insurance and self-insurance (Ehrlich and Becker 1972) . Their insights were subsequently applied to the study of natural disaster preparedness (e.g. Lewis and Nickerson 1989 , Quiggin 1992 , Crocker and Shogren 1999 , Zehaie 2005 Mahmud and Hassan 2014) , lending theoretical support to the notion that there is an inverse relationship between public relief efforts and private preparedness for natural disaster risks.
The empirical literature on the topic has adopted a variety of research strategies in order to test for the presence, direction, and strength of crowding effects of government-provided disaster relief. A number of studies conduct surveys that elicit hypothetical willingness to pay for insurance against the backdrop of expectations about government assistance. Asseldonk et al. (2002) examine demand for crop insurance among Dutch farmers and find evidence for crowding out. So do Botzen et al. (2009) in a survey of Dutch homeowners that examines their willingness to provide self-protection through domestic mitigation measures. Botzen and van den Bergh (2012a,b) support this finding with similar results on flood insurance demand in a large sample of around 1000 Dutch homeowners. Raschky et al. (2013) survey around 500 households in Germany and Austria in a post-disaster period to elicit WTP for flood insurance and also find evidence for crowding out by governmental disaster relief, with additional nuances on account of differences in the certainty and volume of relief between the two countries. The consistent empirical evidence that hypothetical WTP for insurance negatively varies with expected government relief is also supported by related evidence derived under controlled conditions: Brunette et al. (2013) conduct a framed laboratory experiment with forest owners in which different treatments vary the nature and amount of "public support" in the case of an adverse forest event. They find that such relief reduces the demand for insurance, irrespective of whether the uncertainty is of a classic risk type or involves ambiguity. Turner et al. (2014) conduct experiments in post-disaster Pakistan with subjects affected and not affected by the flood event and find that having received government assistance for major disaster recovery reduces demand for insurance in the experiment.
Despite the clear evidence for crowding out from surveys that elicit hypothetical WTP and from a laboratory study, empirical studies that rely on actual insurance data do not always arrive at the same conclusion. Browne and Hoyt (2000) examine the frequency of flood-insured households in different US states and find evidence for crowding in of federal disaster assistance on private flood insurance at the state-level. Petrolia et al. (2013) confirm this finding based on individual-level survey data from the US Gulf Coast and Florida's Atlantic Coast: The propensity of holding a flood policy increases with perceived eligibility for federal disaster assistance. question the validity of these findings on the grounds of endogeneity problems. They propose an identification strategy based on that fact that federal disaster assistance has a politically discretionary component. Using political contestability ('swing state') as an instrument and individual flood contract data, Kousky et al. find a crowding out effect at the order to $6 for every $1 increase in federal aid grants, but no effect for government loans.
Osberghaus (2015) examines German household survey data on individual flood event mitigation efforts in the wake of large-scale floods in 2013. This study does not find evidence for the hypothesis that expected relief payments by government crowd out private investments in preparedness. 5 In light of the results in the literature, the empirical support of crowding out effect therefore is not clear-cut once we step beyond the domain of hypothetical WTP measures. The present study presents such a step: It adds to the current evidence base by bringing new insights from a large-scale survey about self-insurance to bear on the question of crowding. In this, the study relies on self-reported actual behavior rather than on hypothetical behavior and therefore adds evidence to the literature in that area where the presence of crowding out is most in question.
Without exception, investigations into the presence of a crowding out effect control for the presence of additional drivers of households' disaster preparedness for which the researcher needs to control. There is general agreement on risk exposure, disaster experience, risk management posture as well as socio-demographic characteristics as key variables of interest. These drivers have been identified and 5 Raschky et al. (2008) and Neumayer et al. (2013) show that crowding effects can also operate at the international level (see also Cohen and Werker, 2008) . assessed both the papers interested in crowding effects (see above) as well as papers that choose not investigate this causal link (e.g. Donahue et al. 2013 or Koerth et al. 2013 ). Children present Insignificant Osberghaus (2015); Petrolia et al. (2013) As table 1 illustrates, there is considerable, but not universal agreement on the importance of these 6 The positive result applies to the extensive margin estimation in a double-hurdle model. 7 The insignificant finding applies to the intensive margin estimation in a double-hurdle model. 8 Result for the extensive margin in a double-hurdle model. 9 Result for the effect of damage size. 10 Result for the intensive margin in a double-hurdle model. 11 Result for the frequency of damage.
drivers and their direction of impact. The same drivers play a role despite inevitable differences in the empirical implementation of the underlying concepts given the available data for each empirical study and the different methodological strategies. Apart from public preparedness, for almost all of the identified drivers, there is consistent evidence of a nonnegative relationship between the level of the variable and the estimated direction of how it impacts on preparedness. This convergence in estimated effects provides a set of predictions on what patterns to expect in any new dataset, such as the one underlying the present paper.
Empirical strategy, data, and descriptive results
The empirical strategy adopted in this paper focuses on EDW for three reasons: First, immediate access to EDW is essential in a post-disaster environment since the consumption of contaminated drinking water is a leading cause of post-disaster morbidity and mortality. Second, EDW is a generic good, with government relief a very close to a perfect substitute for private provision. Third, private EWD provision is costly due to the high opportunity cost of storage space in Japan. Exploiting this particular setting, we assess the impact of local governments' preparedness with respect to EDWS on household-level preparedness. The particular setting also contains important corroborating institutional details that allows us to argue that the direction of causality is not in question. Local governments in Japan, like governments elsewhere, are subject to long planning horizons and a high degree of institutional and procedural inertia (Donahue 2011) . This limits the responsiveness of local government to intertemporal variations in disaster preparedness by private households. The most important piece of evidence is, however, the fact that the first study to inform local governments about citizen preparedness following the 2011 Tohoku disaster was only conducted in 2014 (Nakayachi et.al 2015) . Even before that, local governments' supply side orientation in disaster relief has meant that households' risk perception or patterns of preparedness were rarely investigated in Japan. This is, in fact, not unusual: Also in countries such as the US, officials are typically vaguely aware of the true level of disaster preparedness in the population, and regional or local variations within these levels Household data on disaster preparedness comes from a large-scale survey, the 2012 Survey of Individual-Level Preparedness for Natural Disaster. The purpose of the survey was to generate a comprehensive picture of disaster preparedness among Japanese households. For the purposes of this study, disaster preparedness of each household is measured by reference to the amount of EDW that the household should -given its size -store according to official guidelines and the amount of EDW that the household actually stores. Households are expected to store independently enough water to survive the first 72 hours after a disaster. The officially recommended EDW amount is 6 liters of water per household member, with appropriate reductions for younger HH members. 14 This allows a first rough categorization of households according to preparedness status. We will refer to a household as unprepared if the amount of EDW it stores is zero. A household will be categorized as underprepared if there is a positive amount of EDW stored, but less than recommended by official guidelines. Finally, prepared households store an amount of EDW that fulfils or exceeds official guidelines and therefore have no shortfall.
In addition to information on preparedness, the survey also collected data that relate to those determinants of disaster preparedness that the literature has established as important drivers (see section 2). These are variables that measure risk experience and risk attitudes, in addition to a number of socioeconomic variables. On risk experience, households are asked on a yes/no basis whether they have personally been affected by a disaster in the past (EX-disaster), whether they have personal experience of seeking refuge in an emergency shelter (EX-shelter), whether they were personally affected by the 1995 Kobe earthquake (EX-Kobe). For experience of the 2011 Tohoku earthquake (EX-Tohoku), we compare the residence location of a household at the time of the earthquake with its impact zone and code for experience if the residence was located there. On risk attitude, the survey collected yes/no responses on whether the household head had participated in a disaster drill in the last five years (training) or considered himself generally compliant with official guidelines and health recommendations (compliance).
Socio-demographic variables include the population density of the prefecture in which the household is 14 For a HH member of 13 years of age or older, the amount is 6 liters. For the age group between 8 and 12 years, the supply is set at 4.5 liters and at 3 liters for ages below 8 years. Given the age composition of a HH, there is a specific recommended level of EDWS (in liters) composed of the sum of individual EDW needs. So a family with two adults, child aged 10 and another aged 6 would have to maintain a total supply of 19.5l EDW in storage continuously in order to comply with the recommendations. The survey sample consisted of 19,071 households from across Japan. The sampling frame was designed to randomly select respondents while preserving the population composition of Japan's population between the ages 20 to 69 in key socio-demographic dimensions. We designed and outsourced the survey to a marketing company (Nikkei Research). The survey was web-based and administered nationwide. shortfall and can therefore properly be described as "prepared".
Public supply of EDW per head in Japan in 2012 was around one liter (0.8l) on average, but with considerable variation. Some households are located in prefectures in which there is essentially no public EDW stored (0.01l) while other household can count on access to more than 65 liters of EDW per head.
We exploit this variation in the next section to understand how private households respond to this variation in public EDW storage.
Hypotheses and Estimation Method
Theory and previous empirical evidence allow both for the possibility that private households' EDW storage decision is unaffected by public EDW storage levels and for the possibility that it responds negatively to higher levels of public EDW storage. We apply two complementary models to determine which of the two possibilities is supported by our Japanese survey evidence.
Model 1 examines the factors that determine the preparedness status of a household, and in particular the role of public EDW storage in determining the status. We distinguish three types of status, i.e.
whether the household is unprepared, underprepared, or fully prepared. We adopt, throughout, the null hypothesis that no crowding takes place, placing the burden of proof on crowding.
Hypothesis 1 (order effects): A higher per capita supply of EDW by government does not affect the likelihood that households are un-and underprepared.
We test hypothesis 1 using an ordered probit model, with public EDW supply as an explanatory variable.
Using an indicator variable that increases with the preparedness status, evidence of crowding out requires a negative sign to be recovered for the coefficient of public EDW supply.
Model 2 considers the possibility that a crowding-out effect could operate either at the extensive and the intensive margin of the households' decision making process, or both. The extensive margin effect of public EDW storage affects a household's choice whether to stay unprepared or to prepare at least to some extent. The intensive margin effect of public EDW storage affects, for the latter households, the their choice of how much EDW to store. The presence and scale of these margins is of obvious interest to policy-makers, particularly in the case of EDWS. Households crowded out at the extensive margin are particularly vulnerable in the case of a disaster, leading to a disproportionate mortality and morbidity impact. The intensive margin mostly affects the time pressure under which government needs to bring disaster relief to the affected population. The empirical validity of these hypotheses is therefore of considerable significance.
For model 2, we therefore test two hypotheses. The first of the two considers the extensive margin.
Hypothesis 2 (extensive margin): Everything else equal, a household's decision whether to store a positive amount of EDW is unaffected by variations in the locally available public EDW supply.
The third hypothesis examines the extent to which the level of EDW storage decisions varies with the level of public EDW supplies.
Hypothesis 3 (intensive margin): Everything else equal, a household's shortfall in EDW storage is unaffected by variations in the locally available public EDW supply.
We test both hypotheses through a hurdle model. This means that hypothesis 2 is tested by conducting a probit estimation of preparedness for the entire survey population, with public EDW supply as the main explanatory variable. The dependent variable for the probit is the household's preparedness status, which is set to 1 for prepared and underprepared households and to zero for unprepared households. The sign and significance of the coefficient estimate for public EDW storage then forms the basis for a basic rejection test on hypothesis 2 and for statements on the strength of the extensive margin effect.
In a second step, we examine hypothesis 3 by testing how variations in public EDW supply affect the level of preparedness among underprepared and prepared households. The natural object of interest here are underprepared households: Unlike prepared households, underprepared households subject to crowding out have immediate implications for expected mortality and morbidity of catastrophic events. A first test of hypothesis 3 consists of an OLS regression with the level of shortfall in EDW preparedness as the dependent variable and, again, public supply of EDW per head of population as the main explanatory variable.
As controls, we include in the tests for both hypotheses variables that capture, individually and jointly, a household's risk exposure, disaster experience, risk management attitude, and socioeconomic characteristics. For the variables that proxy for risk exposure, disaster experience, and risk management attitude, economic intuition and previous empirical evidence lead to the general prediction that they correlate positively with the propensity to prepare and negatively with the degree of shortfall in preparedness. We also include controls for income, education, and the number of dependent children and elderly people in the household. Note: Dependent variable is the preparedness status of the household (unprepared = 1, underprepared = 2, prepared = 3). Standard errors clustered at prefecture level. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01.
Estimation Results

Ordered probit
Under hypothesis 1, we expect the coefficient estimate associated with public EDW supply to be statistically indistinguishable from zero. Hypothesis 1 cannot be fully rejected. The coefficient is consistently negative across all six specifications and significantly different from zero and negative in four of the six specifications. This can be interpreted to imply that a higher amount of public EDW storage decreases the likelihood that a household will be found in a higher state of preparedness. The effect is, on the other hand, quantitatively small, even when significant: The marginal effects on the odds ratio never exceeds 0.0002 at the means of each preparedness status. The coefficient also becomes insignificant in specifications (5) and (6), i.e. once demographic controls are included. This leads to result 1.
Result 1 (order effects): The hypothesis that higher public EDW storage does not impact on the preparedness status of a household cannot be rejected. Even when statistically significant, the effect is of negligible magnitude.
On the covariates, we find statistically robust evidence for a positive role of disaster experience, education, income, risk management attitudes, and population density on preparedness status, and some evidence for a negative role of dependent children in preparedness. The fit of the ordered probit model is adequate.
The deviation between the estimated and observed proportion of unprepared households is less than 0.5 percent (34.67 vs. 35.10), but the proportion of underprepared households is somewhat overestimated (50.0 percent estimated vs. 48.5 percent observed).
Hurdle model
Tables 4 and 5 report the regression results for the extensive margin (table 4) and intensive margin (table 5) for a number of different specifications. Table 4 shows six columns providing marginal effects at the sample mean based on a probit model, with standard errors clustered at the prefecture level. As in table 1, column (1) reports the results for a univariate specification of crowding without additional controls and columns (2) through (5) specifications with additional covariates for risk exposure (2), risk experience (3), risk management attitudes (4), and sociodemographic characteristics of the household (5).
The last column (6) estimates all effects jointly.
The first observation about the table entries for table 4 concerns the degree of robustness of the coefficient estimates and significance levels: Across model specifications, the signs of the sample mean effects remain consistent, except for the coefficient on post-disaster expenditure, and magnitudes are stable for most, but not all variables. The second observation concerns the coefficient associated with the main explanatory variable, namely the amount of public EDW per head of population. As in model 1 reported in table 3, this coefficient is consistently negative for all specifications and remains statistically significant (at around 0.15) for specifications (1) through (4).Once demographic controls are included, however, the effect becomes insignificant. This is summarized in result 2.
Result 2 (extensive margin): The hypothesis that higher public EDW storage does not impact on a household's propensity to store a positive amount of EDW cannot be rejected. Even when statistically significant, the effect never exceeds negligible magnitudes: At the sample mean, one additional liter per capita of public EDW supply increases the likelihood
that a household will be unprepared by at most 0.17 percent.
Result 2 summarizes the evidence for a quantitatively small trade-off for the public disaster preparedness: Higher public investments in preparedness increase the likelihood that households do not Note: Dependent variable is the decision to store some positive amount of EDW (dummy = 1). Coefficients are marginal effects at sample mean. Standard errors clustered at prefecture level. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01.
store any amount of EDW at most by a rate of 0.17 percent per liter per head at the sample mean. To put this finding in perspective, by storing one additional liter per head, the community induces at worst slightly more than 0.17 percent of households to incur an EDW shortfall of 6lpc (the recommended amount), implying an additional burden of only 0.01 lpc or one percent on public supply.
The estimated effects for the altenative explanatory variables reaffirm the ordered probit results and add to existing evidence on drivers of preparedness: The variables capturing risk exposure are insignificant (for expenditure) or negatively related (emergency staff) to preparedness, thus supporting findings by Koerth et al. (2013) and Asseldonk et al. (2002) , respectively. Risk experience relates weakly positively to the decision to prepare, with the exception of experience of the 1995 Kobe disaster, an event more than 20 years in the past. 15 A greater affinity to risk management, expressed through active participation in drills and a general compliance with rules and recommendations, increases the likelihood of EDW storage (Donauhue et al. 2013 and Petrolia et al. 2013) , as do income (Osberghaus 2015 ) and education (Botzen et al. 2009; Donahue et al. 2013) . The presence of one child and of an elderly care recipient has a positive effect on whether to store some EDW. Table 5 shows seven columns providing OLS estimates for the crowing effect at the intensive margin, with columns (1) through (6) using the private EDW storage of underprepared households as the dependent variable. Standard errors are again clustered at the prefecture level. As above for the extensive margin, column 1 reports the results for a univariate model and columns (2) through (5) report on specifications with alternative explanatory variables. Column (6) estimates all effects jointly. Column (7) differs from the other specifications: Here we report on the results of the multivariate model on the subsample of prepared households, i.e. those storing at least the recommend amount of EDW. This allows us to examine crowding effects in this particular subgroup and compare it to underprepared households.
We find robust coefficient estimate signs and, in part, magnitudes, as well as significance levels across model specifications (1) through (6). In contrast to preparedness status and the extensive margin decision whether to store some amount of EDW, the intensive margin decision of how much to deviate from recommended EDW storage shows evidence of a positive statistical association with public EDW storage.
Higher public EDW is associated with a greater shortfall of EDW stored by the household. Depending on the specificication The magnitude of crowding out lies between 0.018 and 0.027lpc for every liter per capita stored by the public. In line with the preparedness status and extensive margin models, the effect is small, here around 2 percent. It is also apparent from column (7) that the subsample of prepared households responds in a fundamentally different way to the same conditions, with some coefficient signs reversed for public EDW, components of risk experience, and risk exposure. We summarize as follows. Putting result 3 differently, 98 percent of public investment in EDW add to the preparedness of underprepared households in net terms. Column (7) makes clear that prepared households' EDW storage does not vary in a substantive way with public EDW supply. Prepared households' EDW storage shows some evidence consistent with crowding in, but at even lower magnitude than the crowding out for underprepared households (0.6 percent).
An inspection of the covariates reveals both similarities and differences between extensive and intensive margin responses. Risk exposure fully and risk experience mostly play very similar roles at both margins.
Likewise, the risk management variable of participating in training increases the likelihood of being prepared, but leads to a lower level of preparedness, as does income. The most consequential dimension is the presence of dependent household members. While their presence does not affect the propensity to prepare in statistically significant way, having children in a household increase the shortfall in EDW storage by between 1.4lpc for the first and around 4lpc for subsequent children. Every elderly person with care needs is associated with a shortfall of around 5lpc. The shortfalls for these groups are at least half of their requirements of 3lpc and 6lpc, respectively. This means that the private EDW preparedness fails to reflect most of the EDW requirements of these two groups. One explanation for this finding is that such households face higher opportunity costs of EDW preparedness than the average due to less disposable income and less space.
Combining the extensive and the intensive margin effect, we find that increasing public EDW supply affects only the intensive margin in a statistically significant, but quantitatively insubstantial way: It raises the burden on public EDW supply by around 2 percent on account of underprepared households storing less EDW. At worst, the extensive margin effect adds 1 percent. In other words, while present, the crowding out effect is negligible in quantitative terms. In light of the existing evidence on crowding effects and the determinants of HH preparedness, the quantitatively small crowding out effect documented in tables 3 through 5 deserves two comments. One comment is our results raise the possibility that crowding effects may in fact depend on the type of relief government offers. Most papers find evidence of crowding out (see table 1 ), but that evidence derives from settings in which governments offer cash relief. One explanation for why our findings differ from most the existing literature is that in-kind relief has different effects from cash relief. If so, this would have important ramifications for the design of relief policies. The second comment is that the specific EDW setting makes it plausible that the small crowing effect is a measure of the total, rather than partial, impact of public insurance on self-insurance. This is because either private storage or reliance on public storage effectively exhaust a household's options for managing EDW risks in the event of a catastrophe. 16 The estimated joint crowding effects of 2 percent of public EDW supply therefore provides an unusually close approximation of the total crowding effect of public intervention.
Robustness checks
Given that insignificant crowding effects of public on private preparedness are the exception rather than the rule in the literature, we conduct a number of robustness checks. One simple check is to aggregate the data up to the prefecture level and rerun the regression exercises at the two margins, one for the share of households that store some amount of EDW and one for the amount of shortfall. In appendix A, we report the results of these two first robustness check, which are consistent with the headline results.
A second check is to see whether the results are sensitive to the specific categorization of households into preparedness status on the basis of the official EDW requirements. This categorization is relevant for distinguishing under-prepared and prepared households. The categorization of unprepared households, on the other hand, hinges on an entirely objective criterion, namely that the household does not to store any EDW. We therefore recode households preparedness status in two ways, once setting a 25 percent higher threshold of EDW storage, once setting a 25 percent lower threshold. We then rerun model 1 on the recoded dataset. The results of this robustness check are presented in appendix B. As is evident, coefficient estimates are very close to those estimated when the official EDW requirements are used for determining preparedness status and there are no changes in significance.
Conclusion
In light of the recent evidence on how important disaster preparedness is for limiting morbidity and mortality impacts of catastrophes, the relationship between public disaster preparedness and private preparedness intervention has attracted renewed attention. Over the last few years, this has led to a literature that has unearthed important evidence for the presence of a crowding out effect, but also pointed to important subtleties in the presence and scale of the effect. These subtleties in part reflect empirical challenges identified already at the inception of the crowing literature.
The present paper exploited an empirical opportunity created by a unique dataset from a disaster preparedness survey with over 19,000 respondents conducted in Japan in 2012 to address some of these challenges. By focusing on the survey's evidence on emergency drinking water, the paper studies a form of disaster preparedness in which (i) government provides in-kind rather than cash relief, (ii) public and self-insurance are essentially perfect substitutes, and (iii) public and self-insurance exhaust the pool of effective risk management options. Such a setting provides a conducive environment in which to observe possible crowding effects of a popular form of governmental relief and to measure a close approximation to the total impact of a crowding mechanism, if present.
We find little evidence for crowing out at a meaningful scale. Evidence for both the preparedness status and the propensity to store some positive amount of EDW is consistent with the hypothesis that there are no crowding effects and that variations in preparedness status are driven by demographics. At the intensive margin, there is statistically robust evidence among underprepared households that their shortfall of private EDW storage below official guidelines is higher when government stores more EDW, but crowding out is around 2 percent. This negligible impact stands in contrast to evidence the impact of cash relief and could be driven by the in-kind character of public EDW. This is a question that deserves further attention.
Apart from crowding out, our results highlight the particular importance of dependent household member in determining shortfall in preparedness: While households with dependents are marginally more likely to take some preparation, these preparations fall short of the requirements by at least half. This suggests that targeted supply of public EDW to these households is likely to have disproportionate impact.
In sum, the present paper adds evidence on how non-hypothetical self-insurance behavior by households responds to in-kind relief by government. This evidence weighs heavily in the direction that in these contexts, crowding out effects, if present at all, are insubstantial.
Appendix A Note: Dependent variable is the average shortfall in EDW by households below official guidelines in the prefecture. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01. Note: Dependent variable is the preparedness status of the household (unprepared = 1, underprepared = 2, prepared = 3) based on EDW requirements that are 25 percent higher than under official guidelines. Standard errors clustered at prefecture level. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01. Note: Dependent variable is the preparedness status of the household (unprepared = 1, underprepared = 2, prepared = 3) based on EDW requirements that are 25 percent lower than under official guidelines. Standard errors clustered at prefecture level. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01.
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